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This invention relates to' 4 method of separating plu-
toniuii féori confaminating éléments: and more specifical-
ly is’ conéérined with ‘a- process for concentrating plu-
tonium- during’ separation from contaminating elements.

The word “pliitoriium” as used in this specification and
claims  r&fers to the element with atomic number of 94
and o compositions containing this element unless the
context indicates the ¢lemental or métallic form.

Plutonium is usually produced By thé reaction of neu-
trons with urdnium; 4 redction ordinarily carried out in a
pile: The Uranium mass 4s rémoved from the pile'is com-
prlsed principally of unréacted uranium, but there are
very small: amounts’ of aéptirditm, plutomum and radio-
active fission’ products present. Neptuniumi i$ radioactive
and-has-a half-life of only 2:3 days decaying to phitonium
by beta ray erission. Substantlally all’ of the neptufitim
i the urdriurn- mass, therefore, niay be converted to plu-
toniuny by suitable aging of the niass fof a few weeks.

A eommon method of separating plutomum from the
uramum and other contathinafts' contdined in the- ura-
nium mass following aging; is the bismiuth phosphate—
lanthanum fluoride precipitation process. - This process
may be arbitrarily divided into’ four stéps: (1) Exirac-
tion; in- which plutomum and soiiie fission prodiicts are
separatéd from: uranium and the bulk of the fission' prod-
ucts; (2) Decontamifation, in' which plutonium is sepa-
rate’d from the retiaining fission products; (3) Concen-~
tration; in’ which the ratio’ of plutonium-to-carrier. is in-
creased sufficiéntly that the plutonium may be precipi+
tated-directly from-solution; (4) Isolation; in’ which the
plutomum sohition is further concentrated.

In: order t6 carry out the extraction. step, thé uraniuim
mass ‘after suitable aging is usually dissolvéd in 4 cor-
centrated agiieous nitric acid solution, to produce a uraiyl
nitrate hexahydrate solution. ' This solition' is* thea di-
Iuted with watér to- give a uranyl nitrate héxahydraite so-
lution of about 20% contentration. ' This dilute solution
is contacted with a Suitablé reducing agent- to insure that
all of thé plutonium ions aré in "the: quadrivalent state.
Sulfuric acid or aisclublé sulfate is also added to the solu-
tion to complex the uranyl ion§ and prevent their precipi-
tation in’ the subsequent steps. A precipitate ‘of bismuth
phosphate is then formed in the solution and separated
therefrom. - This bismuth phosphate precipitate carries
with: it- the plutonium and’ certain of the fission' products,
which form insoluble phosphates, particularly zirconium
and niobium. In the decontamination step this bismuth
phosphate carrier precipitate containing plutonium and
phosphate insoluble: fission- products is dissolved in a ¢on-
-centrated inerganic acid; usually a 60% nitric acid, dand
the acid solution- then diluted with water to about a 5 N
acid- solution. - The plutonium ions are thén oxidized to
the hexavalent state in which state plutonium is’ soluble
as the phosphate.” A bismuth phosphate precipitate is
formed in the oxidized solution and-separated therefrom
carrying with it the phosphate- insoluble fission products.
The hexavalent plutonium: ions are theh reduced to the
quadrivalent state and the solution is-diluted-so that the
acidity * is -approximately 1 N. A bismuth phosphate
carrier precipitate is then formed in the solution and sepa-
rated therefrom: carrying with it the plutonium. This de-
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contamination cycle mdy be repeated as often as necessary
to insure completé separation 6f the-plutonium and the
fission' products. - Following: the -decontamination step,
the concentration and:isolation steps are carried out.

Ornie of the disadvantages of the present method of sep~
aration’ i§' the large, dilute acid-to-plutoniim ratio at
which the pluténiuni precipitations in the decontamina-
tion step are carried out. ‘The bismuth phosphate pre-
cipitate is difficultly soluble in nitric acid and it requires a
large amourt- of concéntrated nitric acid to dissolve the
bisniuith: phosphate carfier cake. This volume of solution
is theil greatly iricreased by the necessity of carrying out
the plutonium: precipitation step from the solution at not
appreciably greater than 1 N acid concentration. If the
acid concentration is increéased much above 1 N, thereis a
stroitg tendency for the acid to oxidize the plutonium to the
-}-6 valence state in which state plutonium is soluble in the
phosphate solution. Because of the difficulty of dissolving
the’ bismuth' phiosphate and the necessity of diluting:the
acid solution to appioximately 1 N, it is impossible to con=
centrate the phitonium in the decontamination step as it
is presently cdrried out, since the amount of acid solution
from which' a plutonium precipitation step is carried:out
is dpproximately the same:as the amount of acid solutlon
ifi. the preceding: stép.

A; ‘procedure whereby the bismuth phosphate cake
would be dissolved to furnish a 1 N acid solution contain=
ing plutonium aind the volume of the solution is smaller
than.thie volume of the preceding il N acid solution from
which the bismuth phosphate‘ carrier cake was precipi
tated;- would greatly increase the eﬂiciency of the present
bismuth phosphate separation process in hany ways.  For
example;, a much larger uranyl nitrate hexahydrate: batch
could ‘be: processed at one time.  The amount of storage
space required for the highly radioactive waste could: be
greatly reduced. The amount of separation process re-
agerts used’ in’ steps subsequent: to' the decontamination
cycle' would be greatly decreased, and the waste losses of
plutonium in: the subsequent’ steps could be kept at a ndini-
muh by opérating at the minimum' practical volume. - It
can be readily seen-that tliere are numerous other advan—
tages.

One object of this invention is to effect a coricenttation
of plutonium as & salt in an aqueous solution. :

An additional object of this invention is to effect an
improvemeént in the: bismuth phosphate-lanthanurh fluo=
ride-plutoniuri- s€paration: procéss -whereby- the ratio of
plutoniur to plutonium carrier may be greatly incieased
in thé extraction and decontarnination’ stéps- of that'pr‘oc-
ess.

Still other objects of this invention will be apparent
from the description: and: claims which follow.

We have discovered that a bismuth phosphate carrier
pre01p1tate containing plutomum may be coaverted- into
a bismuth hydroxide carrier precipitate containing plu-
tofiurm, and that the hydroxide may be dissolved. in a
tiuich’ sinaller quantity of an inorgani¢ dcid than the bis-
muth’ phosphate carrier could be, and then diluted to fur-
nish a dilute acid solution containing plutomurn Broad-
ly, the procéss of dur invenfioni comprises the treatment
in an’ aqueous medinm of a bismuth phosphdfe cdrfier
precipitate’ cofitaining plutérinin with a riaterial of the
grouip - consisting of: water-soluble, carbonates, bicarbon-
ates; and hydroxides, and mixtures thereof, for the pur-
pose of convérting said bismuth’ phosphate carrier precipi-
tate to the hydroxide, separating this hydroxide-plutori-
urn carrier from the aqueous medium and dissolving said
hydroxide carrier in a suitable acid, such: as nitric acid.

Suitable reagents for the conversion of the bismuth
phosphate to the hydroxide include the carbonates, -bi-
carbonates; and hydroxides of the alkali metals. - The
hydroxides of these metals are preferable to the carben-




